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Cause of the Pleistocene-Holocene t r a n s i t i o n  mammalian e x t i n c t i o n s  a t  
the end of the l a s t  age is  the sub ect  of debate between those advocat ing hu- 
ice age maximum (20,000-18,000 y r  B. P.), d u m a  time of r ap id  climatic 
warming, northward re t reat  of ice s h e e t s  and borea l  f o r e s t s ,  and expanding 
l i v i n g  space,  deciduous f o r e s t s ,  and grass lands ,  those e x t i n c t i o n s  wiped o u t  
nea r ly  70 percent  of North America’s megafauna between 15,000-8000 y r  B. P. 
( l ) ,  wi th  more than ha l f  between 12,000-9 000 r B. P. Affec t ing  terrestr ia l  
mammals l a r g e  and small, b i r d s ,  and repti ies,  tge e x t i n c t i o n s  impacted most 
heavi ly  upon terrestrial  mammals l a r g e r  than 44 kg. I d e n t i f i c a t i o n  of an am- 
b i e n t  a i r  temperature (AAT)-uterine blood flow (UBF) cou l i n g  phenomenon sup- 
p o r t s  climate change as a f a c t o r  i n  the e x t i n c t i o n s  (2, g), and couples  the 
e x t i n c t i o n s  t o  e a r t h  o r b i t a l  v a r i a t i o n s  t h a t  d r i v e  ice age climatology. 
The AAT-UBF henomenon couples  mammalian b ioevolu t ion  d i r e c t 1  t o  c l i -  
u t e r u s  and damage t o  developing embryos. An embryo’s source of food, oxygen, 
and water ,  UBF a l s o  removes h e a t  from the u t e r i n e  area maintaining optimum 
u t e r i n e  temperature necessary f o r  embryo development. Among modern mammals, 
high tempera tures e l e v a t e  core  temperature and reduce UBF, producing f e t a l  
malformations,  dwarfing, and/or  embryo death;  a 1.5 C rise i n  u t e r i n e  tem er- 
have experienced thermoregulatory problems during r ap id  climatic warming, and 
reduct ion  of UBF, wi th  i t s  e f f e c t s  upon developin embryos. Large mammals, 
because of small S/V r a t i o s  would have experience! maximum e l e v a t i o n  of core  
temperatures, and reduced UBF. The e x t i n c t i o n s ,  and dwarfing and s k e l e t a l  
abnormal i t ies  t h a t  were coeval wi th  the e x t i n c t i o n s  on a g loba l  s c a l e ,  are  
accounted f o r  by the AAT-UBF connection. Birds  and r e p t i l e s  are a l s o  a f f e c t e d  
by the AAT-UBF phenomenon. Regions n o t  experiencing dramatic  warming would 
have served as  re fugia .  
Abrupt coo l ing  equ iva len t  t o  Younger Dryas event  i n  the  North A t l a n t i c  
about  11,000 y r  B. P. may have been g loba l  i n  e x t e n t  (4); however, i t s  impact 
i n  the North American i n t e r i o r  i s  unclear .  In  any case, e x t i n c t i o n s  were i n  
progress  dur ing  climatic warming before  the Younger Dryas even t ,  and a f t e r ,  
a t  times when the AAT-UBF couple  would have been ope ra t ive ;  however, impact 
of a sudden short-term cool ing  on mammals i n  the process  of adapt ing  t o  
smaller s i z e  and r e l a t i v e l y  l a r g e r  S/V would have been severe.  
Var i a t ions  i n  earth‘s o r b i t ,  and o r b i t a l  fo rc ing  of a tmospheric  C02 
concent ra t ions ,  were causes of the succession of P le i s tocene  ice ages.  Coin- 
c idence of mammalian e x t i n c t i o n s  w i t h  terminations of the  more i n t e n s e  co ld  
s t ages  l i n k s  mammalian b ioevolu t ion  t o  v a r i a t i o n s  i n  earth’s o r b i t .  Cold 
s t a g e s  2, 6,  12, 16, and 22 are marked by deeper and/or  longer  l a s t i n g  oxygen 
i s o t o p i c  highs than are o t h e r s  (5). Terminations of co ld  s t ages  2 and 12 were 
coeval  wi th  Rancholabrean and I rv ing ton ian  e x t i n c t i o n s ,  s t a g e  16 with  Euro- 
pean Biharian e x t i n c t i o n s ,  and s t age  22 with  major European Vi l l a f r anch ian  
e x t i n c t i o n s  ; l a t e  Blancan and l a t e  Hemphillian e x t i n c t i o n s  were a l s o  coeval  
wi th  g l a c i a l  t e rmina t ions  (6) .  Ear th  o r b i t a l  v a r i a t i o n s  are a d r i v i n g  source 
of v e r t e b r a t e  bioevolu t ion.  
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